Three-dimensional electric resistivity tomography surveys carried out on heavily urbanized areas represent a cumbersome task since buildings, houses, or other types of obstacles do not allow parallel electric resistivity tomography lines to be deployed. This paper proposes applying any fourelectrode configuration to provide subsurface information in complex urban areas. Such a procedure allows acquiring information beneath a construction by simply surrounding the structure of interest by a series of electric resistivity tomography profiles. Apparent resistivity is obtained from 'L'-and 'Corner'-shaped profiles, where alternations between current and potential electrodes are carried out in an automatic way. Four 'L'-arrays and four 'Corner'-arrays are employed in a square geometry that allows surrounding the studied target to cover the subsurface. The first mentioned array will provide deep information. The second array will cover more of the shallow subsurface information. For the 'L-' and 'Corner'-arrays, a mixture of traditional arrays are employed, like the Wenner-Schlumberger, axial, equatorial, azimuthal, and perpendicular dipole arrays.
INTRODUCTION
In the last two decades, the electric resistivity tomography (ERT) method has been rapidly and successfully developed, particularly after the improvement of automatic devices that are capable of acquiring large amounts of data (e.g., Griffiths and Turnbull 1985) . Simultaneously, efficient inversion algorithms were also series of buildings or historical monuments. Such 'obstacles' prevent deployment of parallel profiles to form grids; furthermore, drilling to insert the electrodes into the ground can be forbidden due to buried cables of electricity, telephone lines, water, gas, and drainage pipes or simply because the studied structure is a historical monument.
In order to overcome this problem, the methodology named the 'L'-array and 'Corner'-array allows acquiring reliable distributions of resistivity data at depth beneath the affected area without the need of parallel transects across the constructions (Chavez et al. 2011) . A first attempt to design an 'L'-array was presented by Baker et al. (2001) , where the current and potential electrodes were deployed along perpendicular transects. Results were promising; nevertheless, a satisfactory 3D view of the subsurface was not fully accomplished.
A modified version of that array is presented here, named the 'L-' and 'Corner'-arrays, as well as its combination with different electrode settings (equatorial, azimuthal, or perpendicular dipole arrays). The sensitivity function and median depth of investigation for different electrode geometries are computed to investigate the resolution of these techniques. Two synthetic examples are presented to study the reliability of the methodology proposed. The cube and the wall models are discussed. Finally, a field example from an archaeological site is examined, where the subsoil of a small pre-Hispanic edifice is investigated.
THE ATTRIBUTION POINT AND THE SENSITIVITY FUNCTION
The traditional equation defining the parameter characterizing the subsoil (the apparent resistivity: ρ a ) generally considers an array of four electrodes (two for current injection and the other two for the potential difference measurements), such that ρ a (apparent resistivity) is expressed as (e.g., Telford, Geldart, and Sheriff 1979): (1) I is the current injected into the ground, and ΔV is the potential difference. K is the geometrical factor given in terms of the electrode separation, defined for a half-space with no topography included. If A and B are the current electrodes and M and N are the potential electrodes, the geometrical factor can be expressed as: (2) Combinations among the electrodes produce different arrays, like collinear arrays such as the Wenner, Schlumberger, dipoledipole, and Wenner-Schlumberger, among others, which are commonly employed in 2D surveys.
Equations (1) and (2) allow any distribution of electrodes, enabling the creation of new arrays or combination of those in order to define particular characteristics of the subsurface (e.g., Dahlin and Zhou 2004; Santarato et al. 2011 ). stabilization problems of foundation soils (Santarato et al. 2011) . ERT-3D was also exploited in archaeology, e.g., for prospection of tumuli (Tsourlos et al. 2012) and characterizing the stability of an unveiled pyramid in Central Mexico (Argote-Espino et al. 2013) .
A conventional ERT-3D field survey usually consists of a collection of ERT-2D profiles deployed in a grid shape, where a roll-along method to acquire 3D data can be designed (Dahlin and Bernstone 1997) .
However, data acquisition for ERT-3D could be limited to the PC processor and the software employed. Loke and Barker (1996) designed a data acquisition approach to decrease the number of observations maintaining an adequate resolution and quality of the modelled data for ERT-3D. This technique was named 'cross-diagonal survey', based upon a pole-pole array. Here the potential (V) observations are made in the electrodes lying on the main orthogonal lines plus the diagonal transects crossing the current electrode. The amount of data is reduced to half, keeping significant quality and resolution. On the other hand, Fiandaca et al. (2010) designed the "Maximum Yield Grid" array to minimize acquisition time and invasiveness of ERT-3D.
A vast experience has been accumulated in ERT-2D studies; as an example, Dahlin and Zhou (2004) presented a numerical comparison between different electrode arrays to investigate their resolution to detect different types of structures. Stummer, Maurer, and Green (2004) proposed an experimental design to identify suites of electrode configurations to provide optimum subsurface information in a cost-effective manner.
However, the minimum recommended distance between parallel geophysical profiles to obtain reliable resistivity data is always an issue, which is present in ERT-3D surveys. Bentley and Gharibi (2004) and Gharibi and Bentley (2005) demonstrated that the maximum recommended separation between ERT lines is twice the inline electrode separation. Such rule guarantees good quality and resolution of the computed 3D resistivity image.
A quasi-3D technique can be applied from a series of apparent resistivity measurements computed through a group of ERT-2D profiles. This set of data can be inverted together to form an ERT-3D model. However, such a technique could not be adequate enough to characterize the subsurface due to a significant reduction in resolution relative to the corresponding 3D models (Chambers et al. 2002; Deceuster and Kaufmann 2003) . However, Chambers et al. (2013) were able to determine the interface between the river terrace deposits and clay bedrock employing a quasi-3D tomography in an open area.
Unfortunately, in urban areas, there are few unobstructed spaces such as streets where it is possible to carry out the geophysical observations along 2D profiles (Tejero et al. 2002) . The separation between parallel streets can be much greater than the minimum distance recommended if grids or quasi-3D methods are considered.
Geophysical prospecting methods are challenged when it is necessary to characterize the subsoil beneath a building or a For a given electrode array, it is important to know the region of the half-space that most contributes to the observed response. The potential function for a point electrode can be expressed as (Tejero et al. 2002) : .
If equation (7) and the superposition principle are taken into account, an expression for the potential function can also be deduced in terms of a particular quadrupolar array. The sensitivity function for a homogeneous and isotropic semi-space can be obtained calculating the derivative of the potential with respect to the resistivity, where the sensitivity function is the integrand of the potential expression (Loke 2010) :
F is a function of the electrode coordinates A, B, M, and N evaluated on Z=0. X', Y', and Z' determine the coordinates of the point in the half-space. Figure 1 displays the sensitivity function in terms of the median depth (0.75 Z e , Z e , 1.25 Z e ). Z e is computed for three different quadrupolar arrays using expressions (5) and (6), where the (X, Y) coordinates of the attribution point are located at the half point of the straight line joining the dipolar centre (broken arrow in Fig. 1 ). The three planes shown in Fig. 1 correspond to each Z e ; the value of the sensitivity is normalized to the maximum absolute value of the sensitivity function for each quadrupolar array (9) where NV represents the normalized value between [-1, 1], |MXV| represents the absolute maximum value of the sensitivity function either positive or negative, and F is the computed sensitivity value. The sensitivity function represents the contribution of the subsurface regions to the observed potential difference. Some zones will contribute positively and others negatively. However, if the expected potential difference is positive, then the contribution of that particular region will increase. Otherwise, if the potential difference is negative, the contribution of such a zone will be important as well. The potential difference observed either positive or negative depends on the electrode configuration and the subsoil conditions in order to compute the actual sensitivity function.
The sensitivity function for the azimuthal dipole array (MAXV=9.67 x 10 -5
, ) is shown in Fig. 1a .
For the ERT-3D case, a colinear array can also be deployed for a series of parallel arrays to cover an area of study or distribute them in any geometry to produce dipolar arrays as: equatorial (Eq), azimuthal, perpendicular (Al'pin et al. 1966) , and square (Habberjam 1979) or any other complex configuration. In any case, equations (1) and (2) are valid to define the apparent resistivity of the subsoil.
Each apparent resistivity datum is plotted in a point at depth, which is a function of a given electrode array. This has coordinates (X, Y, and Z), where X and Y indicate the location on the surface of the middle point of the line joining the dipole centres and Z represents the depth of investigation. Location of the attribution point has received a lot of attention within the scientific community, from empirical laws (Evjen 1938; Hallof 1957 ) to well-founded research (Al'pin et al. 1966; Roy and Apparao 1971; Edwards 1977; Barker 1989; Loke 2010) . Loke (2010) considers that a numerical value can be assigned to such point through the sensitivity function or by the Fréchet derivative of first order for a given array defined on a homogeneous halfspace. The sensitivity function can be expressed for the polepole (pp) array as (Loke 2010) : (3) where a is the electrode separation. The sensitivity function F ID (Z) for a particular array is found by applying the superposition principle in equation (3). Roy and Apparao (1971) consider that the major contribution comes from a maximum depth (Z MAX ), which corresponds to the maximum value of the sensitivity function for a specific array. Edwards (1977) and Barker (1989) suggest that the investigation depth is the median depth (Z e ), defined as the depth where 50% of the total sensitivity function area is obtained. Loke (2010) mentions that Z e corresponds to the point where the upper part of the sensitivity function possesses the same influence as the lower part. Edwards (1977) had already mentioned this topic. It means that:
(4) Edwards (1977) and Loke (2010) present a table of values for Z e /a, or Z e /l (l is the length of the array), for different arrays as: dipole-dipole (dd), equatorial array (Eq), or WennerSchlumberger (WS). However, based on equation (4), the median depth Z e can be determined for any quadrupolar array as a function of the electrode position by using the following expression: (5) where:
and (6) necessary that the current electrodes should be located on a profile where the potential electrodes are set (colinear setting). Thus, it is possible to apply any electrode array designed for 2D surveys to measure the apparent resistivity, where the current and potential electrodes are not anymore colinear (contrary as assumed in a traditional ERT-2D profile), for instance. The apparent resistivity is computed from expression (1), and the attribution depth will be determined for expressions (5) and (6). Its position on the x-y plane will be at the half point of the line joining the central positions of the current and potential dipoles. These arguments provide the basis to design the 'L'-array discussed in the present investigation.
We take the dd array to explain this type of setting (Fig. 2 ). First, a traditional 2D data acquisition is carried out along each ERT profile (Fig. 2a) . The arrows depict the direction of the electrode shifting. The next step consists in applying a perpendicular dipole array by leaving the current electrodes in one of the lines and the potential electrodes in the other perpendicular transect (Fig. 2b) , as proposed by Baker et al. (2001) . Keeping the current electrodes fixed, the potential electrodes move from the starting position towards the end of the line. Then, the current electrodes shift to a new position towards the beginning of the line, whereas the potential electrodes start the shifting process once again. This procedure is repeated until the current electrodes meet at the beginning of the line.
In this diagram, the region contributing to the resistivity response lies close to the line where the potential dipole is found. Such zone extends to a distance equivalent to the reception electrodes spacing (M, N). The position of the attribution point (although localized within the influence region) is being found closer to the reception dipole than the half point of the line joining the dipole centres. Figure 1b depicts the sensitivity function (MAXV=2.94 x 10 -5 , MINV=-1.12 x 10 -5 ) for the perpendicular dipole array. Two regions are found between the dipoles depicting the main contribution to the response, which extends to a distance about the electrode spacing. On the other hand, the attribution point is localized over a region with the lowest sensitivity (see arrow). This result resembles to that inferred for a dd-2D array (Loke 2010) . However, the reciprocity principle suggests maintaining the attribution point as it was assigned.
The sensitivity function for the equatorial dipole (Eq-d) array (MAXV= 1.1 x 10 -4 , MINV= -4.21 x 10 -5
) is displayed in Fig. 1c . The major contribution region is found between the two dipoles lines, and its corresponding attribution point is located on a zone of major influence.
THE 'L'-ARRAY
According to the previous discussion, new ERT-3D arrays can be designed, depending on the area conditions, the target to be studied, and the geophysicist's experience. It means that it is not ).
potential electrodes are close to the origin of each line. This type of survey produces information on a diagonal plane with an angle of 45° with respect to the perpendicular lines. The current electrodes are then set at the end of each perpendicular profile, leaving them fixed. The potential electrodes are placed together next to the current electrodes (Fig. 3b) . Thus, the potential electrodes are moved towards the origin on each two perpendicular lines. When the process ends, the current electrode The attribution point (Fig. 2c) is located on the middle position of the line joining the dipole centres on the XY plane. The depth will be the median Z e computed by solving equations (5) and (6). The black circles indicate the location at depth of the attribution resistivity values, as obtained by the electrode shifting (black inverted triangles). As an example, we consider an electrode separation of 2 m, with current electrodes A(4,0,0) and B(2,0,0) and the potential electrodes M (0,4,0) and N(0,6,0) ; the calculated coordinates for the attribution point will be (1.5,2.5,1.59), the black star in Fig. 2c .
At least four "L-arrays" can be combined to enclose the structure under study to build a working cube. An initial 'L'-array is taken, and to avoid the repetition of data, the reading files can be modified, eliminating the information of one of the lateral "consecutive 'L's". For the last 'L'-array, closing the polygon, the data from both lateral arrays are deleted, allowing only those readings of the potential difference observed throughout the diagonal line.
If a different array is employed, for instance, the WS array, a similar procedure can be followed. The survey starts with a common 2D data acquisition process for each perpendicular transect. Then, one of the current electrodes can be set on one line (say, A) and the rest (M, N and B) in the other perpendicular one. Also, A, M, and N can be in one line and B on the other one. These deployed electrodes will be treated as dipolar azimuthal arrays or as equatorial dipolar arrays. However, the electrode geometry of the WS array is maintained in order to keep the AMNB reading sequence.
On the other hand, shallower resolution is diminished since no observations of the apparent resistivity are made close to the Earth surface towards the central portion of the cube (observe Fig. 2c ). These facts create the necessity to apply different electrode arrays to try to cover portions of the central studied area, especially when it is not possible to deploy the electrodes in a grid shape.
THE 'CORNER'-ARRAY
Unlike the 'L'-array previously discussed, the 'Corner'-Array allows employing equatorial and azimuthal dipole arrays, where the attribution points are deployed, as shown in Fig. 3 . This approach is different from that proposed by Baker et al. (2001) . In this resistivity set, one of the current electrodes is left at one end of the acquisition line and the other is left at the end of the perpendicular transect (Fig. 3a) . The potential electrodes are set in a similar way on the opposite corner comprising the perpendicular line below the current electrodes. This is similar to an equatorial array. The M and N dipoles shift simultaneously towards the origin of each line (arrows indicate the direction of the electrode shifting) until the potential electrodes are close to the origin of both perpendicular lines. The next step consists on moving A and B one electrode position towards the origin and M and N are located below them, and all the process starts all over again. Such a procedure is repeated until the current and 
where m is the vector of model parameters. It is possible to select, during the inverse process, parameters α (the smoothness factor) and the damping factor, which is part of the weighting matrix W d . These values determine the amount of model roughness (R) during the inversion process. The difference between the observed (d obs ) and computed (g(m)) data is obtained. In our case, we have used the following values for α=10, the damping factor=10, the minimum resistivity=100 Ωm, and the maximum resistivity=1000 Ωm. Furthermore, 1.5% of Gaussian noise was added to the computed voltage difference of the synthetic models. In general, nine iterations were needed to compute a reasonable solution. The synthetic models were employed to establish the efficiency of the 'L'-and 'Corner'-arrays. Figure 4b depicts the inversion result for case (1). The synthetic resistive cube cannot be detected, and only the host medium is obtained. Figure 5a displays the results obtained, assuming that ERT profiles are deployed in a grid array (case 2). The root-meansquare (RMS) error was 1.6%. The inversion recovers quite well the resistivity response of the block of 2 m wide and 1.5 m thick, approximately. However, the resistivity value obtained for the synthetic cube is less than the real one (~250 Ωm). This is due to the smooth inversion scheme employed; nevertheless, the geometry of the target can be reasonably recovered.
Finally, Fig. 5b depicts the inverted results employing the arrays proposed in this investigation (case 3). The target is rather well detected, but the dimensions of the inverted cube are larger than the original ones and the computed image looks diffused. Hence, an outcropping model of 1.5-m height and 2.0-m width was obtained. The resistivity value calculated for this model is lower than the value assigned to the synthetic body (~120 Ωm).
As a second example, the wall model was studied, following a similar procedure as before. The model dimensions are 1.5 x 2.0 x 8.0 m 3 , with a depth to the top of 1.5 m (Fig. 6a) . The wall possesses a resistivity of 1000 Ωm embedded in a 100-Ωm half-space. Figure 6b presents the inverted results employing a shifts one position towards the origin, and the potential electrode is brought back near the electrode A. Thus, the process starts all over again, moving the potential electrode to the origin until current and potential electrodes are close to the origin of both lines. This procedure is repeated in the same form, switching the potential electrodes to the other perpendicular line. Figure 3c presents the location at depth of the attribution points.
As an example, we can consider the same electrode separation of 2 m, as previously discussed. If coordinates for the current electrodes are A (24, 0, 0) m and B (0, 24, 0) m and for the potential electrodes are M (20, 0, 0) m and N (22, 0, 0) m, the computed coordinates for the corresponding attribution point are (17.5, 6, 1.04) m. Such value is shown in Fig. 2c (black star) .
SYNTHETIC MODELS
The synthetic model was computed using the commercial software EarthImager 3D (AGI 2010) to verify the effectiveness and trustworthiness of the 'L'-array and the 'Corner'-array. The proposed model is formed by a block of dimensions 1.5 x 1.5 x 1.5 m 3 , buried at a depth of 0.5 m. Such a block is placed close to the central portion of the grid, which possesses dimensions of 10 x 10 x 10 m 3 , with electrode spacing of 1 m and an assigned resistivity of 1000 Ωm embedded in a 100-Ωm half-space (Fig. 4a) . Three cases were studied. 1. The resistivity response was computed and inverted by employing a traditional dipole-dipole array combined with ERT-2D profiles carried on the perimeter lines (Fig. 4b ). 2. The resistivity response was computed and inverted by employing a dipole-dipole array, where profiles were set on a grid geometry (Fig. 5a ). 3. The resistivity response of the body was computed and inverted by employing the 'L'-and 'Corner'-arrays for each side of the working cube (Fig. 5b ). Data inversion is based on the method described by Constable, Parker, and Constable (1987) and employed by the commercial software EarthImager 3D (AGI 2010) used in this investigation. The objective function S(m) of a smooth model inversion, utilizing the norm L2, is expressed as (AGI 2010): the top of the wall (the inverted model outcrops). The synthetic depth is less than the electrode separation employed in the equatorial dipole array used to reproduce the data towards the central portion of the working cube, which is on the order of 10 m in this example. The computed resistivity for the wall model is about 200 Ωm.
It is important to point out that several factors are important to consider for detecting a resistive structure, such as the array employed, coupling between the array and the structure, and physical dimensions of the target in comparison with the array set of parallel profiles, with an RMS error of 1.5%, achieved after nine iterations. The depth to the top and the geometrical characteristics of the synthetic wall are successfully recovered. However, the width of the wall is 0.5 m larger than the original structure, and its resistivity is less than the original (220 Ωm). Figure 6c displays the inverted model employing the electrode arrays presented in this paper, with an RMS error of 1.6%, achieved after nine iterations. Again, the width of the recovered model is slightly larger; however the length is less than the synthetic wall. This methodology fails to estimate the real depth to computed resistivity value lower than the value assigned to the synthetic body. Moreover, 1.5% Gaussian noise has been added. between electrodes or diminishing the contact resistance in order to improve the signal/noise ratio. However, this issue remains as a future topic of investigation. The 'L'-and 'Corner'-arrays deployed around a structure allow "illuminating" the subsoil in all possible directions. When the partial contributions of each array (equatorial dipole, azimuthal dipole arrays, and so on) are taken into account all together in an inversion process, then a more reliable model can be achieved. dimensions, among others. However, at present, such facts could be part of another investigation.
It can be noticed that a smooth inversion tends to underestimate a high-resistivity anomaly. On the other hand, the distribution of observations at depth (attribution points) in an ERT-2D or an ERT-3D approach defines the grid design employed in the inversion scheme. These questions lead to further investigations related to better resolve a buried structure when a traditional ERT-3D array cannot be carried out. However, it is possible to say that this alternative technique proposed in this investigation can reasonably well reveal the position and resistivity of a buried structure.
It is important to point out that data sensitivity to noise contamination by the proposed arrays is an important issue. Generally speaking, noise could be classified in two types of errors: systematic and random (e.g., LaBrecque and Daily 2008; Flores-Orozco, Kemma, and Zimmermann 2012). The first type cannot be eliminated by filtering, like electrode polarization, electronic noise in channels employed, and contact resistance. These errors are independent of the geometrical factor; however, great values of this factor increase the probability that the observed data be contaminated with noise. Naudet et al. (2011) suggest a filtering process on the geometric factor by rejecting data with values greater than k=15000 and RMS < 3% during an injection cycle. For instance, electrode polarization is a source of systematic errors that are relevant during the acquisition sequence of successive measurements. Fiandaca et al. (2013) analyze this evidence on induced polarization observations, where the conclusions can be extrapolated to resistivity observations. For instance, care has to be taken in decreasing the geometrical factor to reduce the effects of some systematic errors (Keeping K i /k i -1 < 1) when quadrupole sequences have been designed. Zhou and Dahlin (2003) investigated the electrode spacing errors and their correlation with the magnitude of the observed potential and their effects on 2D resistivity imaging inversion. Such results can be extrapolated to any ERT-3D experiment.
Therefore, it is important to consider the effect of the geometrical factor and other sources of errors on the observed apparent resistivity in order to design field techniques or filtering processes for the 'L'-and 'Corner'-arrays. At this stage, we are only concerned with the capabilities of the proposed arrays in an ERT-3D investigation applied to study urban areas or historical monuments.
However, in Fig. 7 , the geometric factor for the three dipole arrays is shown: azimuthal dipole configuration of electrodes for the 'Corner'-array (Fig. 7a) , equatorial dipole design for the 'L'-array (Fig. 7b) , and the dipole-dipole setting deployed around the perimeter of this setting (Fig. 7c) . As it was expected, the geometric factors from the deepest points have the greatest values. The histograms depicting the distribution of the geometrical factors are displayed in Fig. 8 (a, b, and c) , which correspond to the electrode arrays employed in Fig. 7 , respectively. Certainly, large values correspond to the deepest measured points. The observations located in this region have to be obtained with care, either increasing the interval separation 1500 years old, used as a political and administrative building named Tecpan (House of Lords, Fig. 9b ). This is located on top of a plateau overlooking the Mezquital Valley that covers more than 7000 m 2 of the northern Mesoamerican limit (López and Fournier 2009). The region includes the western side of Hidalgo State, the northern portion of the Mexico State, and a small portion of the southern limits of the Querétaro State. The region forms part of the Central Mexico highlands within the physiographic province of the Central Volcanic Belt (CVB).
Tecpan is part of an archaeological complex named El Pahñu. Several edifices are found in the site; two of these have been partially explored and reconstructed by archaeologists, i.e., the aforementioned House of Lords and the nearby Main Pyramid. A Syscal Pro Switch resistivimeter manufactured by IRIS Instruments (France) comprising electrode cables with 10-m spacing between the electrode takeouts was employed. The design of the SyscalPro48 instrument allows a maximum of 48 electrodes deployed in the ground. The electrodes (3/4'' copper bars hydrated with a CuSO 4 solution) were positioned in the soil a day before the data acquisition started in order to provide more stable readings. Interpretation of the acquired apparent resistivity data was performed with the software EarthImager 3D software (AGI 2010) through a numerical inversion process that creates a model of the true resistivities based on apparent resistivities. All the data were topographically corrected by introducing these values in the inversion process done by the EarthImager3D software. Each cell dimension in the X and Y directions was set equal to the electrode spacing divided by 4 in order to diminish banding effects (Loke and Dahlin 2010) .
The area covered by the geophysical study further extended the dimensions of Tecpan (22 x 22 m 2 ), according to the archaeological interest. Thus, an area of 33 x 33 m 2 was investigated ( Fig. 10) . At first, a series of ERT-2D parallel profiles (Loke 2010) were deployed over the pyramid comprising 12 electrodes, each creating a small grid of four transects through the archaeological structure (Fig. 10a) . Electrodes had to be carefully deployed in order to prevent any damage or alteration of the edifice and its context. The electrode separation was 3 m, and the distance between each profile was 10 m.
The second array employed is the one proposed in this investigation. Forty-four electrodes were deployed surrounding the structure in a square shape (Fig. 10b) , starting at electrode #3 and ending at electrode #46. Interval separation of electrodes was also 3 m.
We have tried different acquisition methods for the parallel lines set, which included WS, Eq (parallel), and MC arrays. Figure 11a depicts the location of the attribution points at depth, adding all the arrays applied, where 976 apparent resistivity observations at depth can be measured. On the other hand, Fig. 11b depicts the attribution points for the 'L'-and 'Corner'-arrays. We have also added the equatorial dipole array (parallel and azimuthal dipole array) and MC (perpendicular dipole array) arrays. A total of 1382 data points were obtained.
A FIELD TEST
The methodology described in this work was employed to explore the subsurface beneath a pre-Hispanic monument in Central Mexico (Fig. 9a) . Such edifice is a small pyramid FIGURE 8
The histograms depict the values of the geometric factor distribution at depth. Initially, the azimuthal dipole configuration for the 'CornerArray' is shown (a). Then, the equatorial dipole setting for the 'L-array' is depicted (b). Finally, the dipole-dipole setting deployed around the perimetral area of the cube for the 'L-array' is displayed (c). ing geometry provided by the traditional array (parallel lines); moreover, the resistivity associated is lower (~4000 Ωm). Both solutions show, in general, similar resistivity distributions at depth. The average resistivity (~1000 Ωm) could be associated to the volcanic tuffs that cover most of the site.
Finally, two resistivity intervals have been plotted, removing resistivity values between 250 Ωm and 3000 Ωm. The low-resistivity interval (100 Ωm-200 Ωm) associated to a more consolidated material and a high-resistivity interval (3000 Ωm-10000 Ωm) that could be associated to infill material or possible cavities (or tunnels) are displayed in Fig. 13 . Low-resistivity anomaly A is well depicted in Fig. 13a and coincides with the central portion of the reconstructed Tecpan. On the other hand, Fig. 13b also shows the low-resistivity feature at the same location, occupying a larger volume. High-resistivity anomaly B can be associated to infill material employed by the ancient constructors to level the terrain. Geometry and position for this feature coincide in both images ( Fig. 13a and b) . Anomaly C reflects the geometry of a possible buried tunnel (partially empty), which apparently runs towards the Tecpan main entrance. A much clearer expression is seen in Fig. 13a ; nevertheless, that resistive feature is slightly observed in Fig. 13b . We expect that such resistive anomaly Figure 12a displays the inverted data computed after 12 iterations, with an RMS of 7.7% and a maximum depth of penetration of 11.3 m. Three main resistivity anomalies can be observed (A, B, and C). Anomaly A is located in the central portion of the studied area and possesses a low resistivity value (~100 Ωm), with an approximate depth to the top of 1 m. High resistivity values (~10000 Ωm) are associated to anomalies B and C located to the northern and southern portions of the working cube, respectively. The approximate Tecpan limits are also displayed on the surface of the cube (discontinuous line). Although no filtering was employed, banding effects have been mostly removed by employing cell dimensions of 0.75 x 2.5 m 2 . The solution computed employing the new array presented is displayed in Fig. 12b . The inverted model shows smoother anomalies than in the previous example. The resolution is lower towards the central shallow portion of the area due to a lack of information at this region; nevertheless, penetration depth (12.2 m) is about 5% larger than in the traditional ERT-3D study. Three anomalies referred to as A, B, and C could be outlined. Anomaly A is wider in the NW-SE direction and is almost centred over the Tecpan limits. High-resistivity anomalies can also be observed. Particularly, anomaly C does not show the interest- could be confirmed by further archaeological excavation. Manmade tunnels or cavities were built beneath main pre-Hispanic temples in Mexico for ceremonial purposes (Heyden 1975; Manzanilla, Lopez, and Freter 1996; Chavez et al. 2001) . Then, there is a good possibility that such structure exists.
Later excavations done by the archaeologists over anomaly A unveiled remains of the first constructive phase of this ancient edifice (Argote et al. 2013) . Vestiges of a room with a paved floor were discovered.
CONCLUSIONS
The new arrays presented here, i.e., the 'L'-and the 'Corner'-arrays, are an alternative to study urban areas to overcome obstacles and also to "illuminate" the subsurface beneath the studied area. That can be a building, series of buildings, or a block of houses. These arrays make it possible to cover the studied area with less electrode positions, obtaining information in both X and Y directions.
The proposed methodology represents an alternative procedure and does not substitute other techniques commonly employed for ERT-3D, with the possibility to combine different arrays.
When the partial contributions of each array (equatorial dipole, azimuthal dipole arrays, and so on) are taken into account and combined all together in an inversion process, a more reliable model can be achieved. The synthetic model studied demonstrated that the combination of the 'L'-and 'Corner'-arrays can be more effective to provide information of the subsoil than a set of 2D profiles on the perimeter lines surrounding an area. These arrays possess a good resolution and good quality data. Median depth of investigation is slightly deeper compared with the traditional grid method.
Urban obstacles can be surrounded employing these new types of arrays, and it is much easier to investigate the subsoil beneath the area studied.
One disadvantage of the proposed methodology is the lack of resolution for shallow resistive objects located towards the central portion of the array. However, deeper resistive sources can be detected.
It is important to point out that negative apparent resistivity values can be obtained, which are not due to errors in the observations but from the designed procedure to measure the data. In any case, such set of values must be employed in the inversion process, contrary to what has been traditionally done for the most common electrode settings used in ERT-2D surveys, where these are deleted. It is important to point out that new ERT-3D geometries should need to be investigated in terms of the different scenarios investigated. It will be also important to analyze new modelling and inversion methods. 
